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(57) Abstract: 

PURPOSE: A method for forming trench capacitor 
Wirhin high-aspect-ratio trench and a trench 
capacitor are provided to completely fill a deep 
trench. 

CONSTITUTION: A method for forming trench 
capacitor within a high-aspect-ratio trench 
comprises (a) a step depositing a filling layer(30') on 
top surface of a wafer and trenches(10,10'), and (b) 
a step heat-treating the filling layer under the 

temperature more than melting point of the filling | 

layer and less than melting point of the wafer. The filling layer consists of material among group consisted 
of germanium and silicon-germanium alloy. On the top of the filling layer, a cap layer(36) is deposited 
between the steps(a.b). 
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4^ ,== SUUIg ^ MHaUJOf JH3AIE1M '.^^ S 01 SS08 OKt JS2E§ M?s*J 

7HUAlbl 



J2<? 



?l&2h 01 7I5CHI «gg MS!x|2K 01 (H|°^ £S ei *iEI«-M 

=TAI?|£ ag Sgltja. ^Slxl^ 3fU0|#°J Slid buffer l^rtl^^ia^^^ 
S*| MISS ^f 4SH AKJIWI g therL I stress redu't ion^^lr)! cfTO^ 



E IS gEHEJ ^Sj M2!*|7|- 0il?4A|7| 0|*|2j fflspsjoi 

§ Ifel^ * B " °"' M ^'^ 4821 WIA|3^ ILSIxiej jji^gj 

E 3^ ^l-^OI^BJ E 2CHI EAI.^i M^xl^J 7H^2J &3E, 

E 4^ gSS'S] Egfl7|. 0IS2J 7H^°J 

§aff m ^~ m 0| ^' §*«2h fiSftSh, L H 3Kr gagf e^xl^J 7H^2J 

10, 10" : 12 . -j,^ 

24, 24' : 30' : §2§ 
36 : 1» # 55 : 
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b W3= »eh ^nm nimg) warn shs, a ^ai^s^ 

gg HI (aspect ratio)M 7KKI3AI fiDIESOl & DBSIS S Mggfl AlEi (void-f ree fill of deep 
trench capacitor)^ 3E^ CHI S!*J SOIEh 

aiBI^I ^ISCHIAL ^HIHAlEi^ Eul M 4= iXFOICh CFOILH^ BH °^Ai!^ 

MSEI(ORAM) S'DilA-l- 2f2J0| &7\\ H HI- MS!X| ±Ei (FET)SF SMEIOI a= CHST2I ?HHBA|E1^ fl?SQ, 
QilSEI ggf& »l-AI?iail «4*« ?HSHAIE-|M Q J2H££ flSHF«ck)ftllOI«r B2H 
21 S3 ?H HH A| E-i STBS *' S3£HHI ?HilA|E|« ^Sufe 23C1L 012^ o>U2J ?H SH A! Ei §■ Li° as 
Si 531 SStttll-. £EI5 ^lOilHLH^r MaiflOfl ?HnH AlEiM S2oF= ?H EH A| El £31^ ?H KB A| Ei B] H 

hssw wsmm, oiae »haiei moid. 

HEiLh Mgyxl ?H AH Al Ei ~ £S| 40 : 1 0|#££ OH^ ^UHlM ^~ eg M2!xlM fi^tKlh 
^£!xl ?HuHA|Ei~ M0!x| ^^-Oil °3lf ^(deposit ing^KZl, ES=J ME| S 'E|^ 01 

M^ixil D||?J ^ ?H1AIE1 M^ilOI^M ^£*J"E^ M£]x|l_H01l ESS £EI5 MS!x| ^ 

5^ ?H EH Al Ei M3IOIMM SStHIh 

4 : 1 OlfiSJ gSlbllM ^~ M*!!xl ?HnHA|Ei~ ^u^o^ gSUI9 3^ Zi^SCh 2 M 
^XH eHHI^I- 10: 1# saHf^s JESWg Qi!^^ SOI d GiaSSD. ^2!xl^ ^Oil^ § 
=f0| □ SAIEI^ g*fl)| SJHH^, M2!x|E| Cm mm Mi!(neactants)°l 7VEtH?m El 

CH, ^5l #£!MLH0il EOIEM ^So^ ££H*jD. 0|H*I- SO|E~ DHU M&IIOI^ ^1 Ai^l 

s^i-Aiao. as ^ssxi^ *seis^ msikies, eoie^ ai-efaiai ^~ek a^ 

£h SOIE- ?JI0ITn*7h Qgffi- OiyU AHDIM^ ^xl3Ai Q 2il'^E Sl£U, SSI HjlS ^El^ #2 
a (amorphos silicon fill)H Q SflSCK 

Ti^J 5JAR^3 Erag MSHxl^E!- OrUEK ^X\S] HRs^q a^oj ^^7}- Ej I§ g2°f2| 
£fe M^lxl Olg^iCr. OlEiti- Maxi(bott le-shaped trenches )M t.^)^ ii^T S 

711^ &2o| DilSCF^ SS OIE^^S M^r^orCK 

m^i^i t5§ □ zmtm m^7\ $m t ^ g^t y^oi ^Ai^^m, on mm a 

iEIH 3 X-1EI Al^i-E □ ^OiSCK OlEiS^ iSt ^E Si^DiL ^1 SSSf ^^1x13 

S^, MSixl^J WW^i re-open )t^| ^luH AhOICHI Oils' E^IM E^K3, #3 

XH(fill material )7h S^EIEE^ Qlrlitr OlEi^BJ g*r E^l^ £A1H ^Stfh 



HEiE^, £ ^*S°J ^Eie ?J Ol it) 0)| gHUie ^ M^xICHI ^Slxl ?HIHA!EH 3E^ s 

§1 Xil^or- SOIEK 01 M?l!xi^ , n H^¥(openi 3 )2K LH%m~ m^Mlh ^r^SK Hr^TM 

~L[, ^B|^ ?J|0|EH^ 5|^ ?>^Eh 0| Q^°] B71IM, ^, 

a) ?J10|ffl^ 51^21- ^Xl^Oil #2#(a fill layer) -01 #S#g Til^DrsIlF ^B|^~>1!^Drs ^ 
^ HE(9rou P )0ilAi d E -^i XH^^ OI^OiS-1 g^A|?|^ E^ISK 

b) fflSSJ ^^3Ai, XHS^J ^E 0|^OI3Ai SII0I2I ^E 0lor3 
SE^ ^H^M l^El^h- E^ll E^EK 

01 Etl gagf ^^!xlxi^ ^^2J EBiixiM Dii^^Lil ^§7^hQ. Ul^ g S§0! E 

2!x| ^HuHAIEiS 3-E^Lil mt\ ^g^AIErE, 3W M A| Ei M^lx|2J gUdlCH! 3tt SS'HIS ^ 

M^xllOl bflOhSAi 01 si 1 U\m M?l!xlM CilQilE °guhEK 01 Bit! ^gOil 

sioiAi, tii^di-s 4'Eis-«sDfe s^ei^ yg M^mm m^ui ?ioe es^ek 

B 5§e #a#OI CH^I (ambient air)CHI kPEI^ ^1 ^I^H cl^OlU g^l^lOilAl ^ 

tSEI^ SO! Hr^mQ. Ei H^uMI^, B §§0| E^l (a)2J ErBCHL S^th E^M ill s" ^ 
SiE^ ^oil 12 #(a cap layer)# g*m r = E^IM Ei it^^ SOJEK DIEitl 13 #g ^ 

EI^E^ 01=012 #0IEh. 

£ g§§ ggbJIM 7rAi3Ai 4^3 5>7iU SS°^ ^?Ux| 751 >ll^0fe ^El^-Tiis 
□Fh 01 =012! 3B(group)[H!Ai ajehei ^^^^ mm ^ ?M\ HO. mmH= E2 

S iiS ES^iLK 01 M£)xljr &§|(a buffer layer)^ SJ/E^ ^ ST^S(a thermal- 

stress-reduction layer)g Q idl,^ 4E 2iCh 
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SrE S =% ^*-§£l, 0'*? tfS2S*E| Q ST 0I«E1 20IQ. B SSi^l 013 



ru fui T?i aj Ant :a -li *ttl r>n ■-> t — i <->i . , T-rr-. . HL. _ t ttTT *— ' "== 1 — "to -i-x-x- 




sag. <=5i,x| £ oi gga^ 7IB o S s ^*r ^ tiimi IfadomC 2B$a3a 

201 CH¥M0|X|&h MS«xi2| &™U3(-| *Jl §1 a&*n! aa 4sT sTck °~ 
HS!x| 9HEIAIEIM 3§i 3?, §3X10 MS*K7I SOfl, IE #(22)01 ££1^ 7FH12)°I *|^« 

dl^ecfS .S^^l IsiJ^^^ 01 g ^ i£ node 

SP^mim!^^^^ fflSaSDKextBntfe), 0i© 3 

5«= fl^^f SSJOl 21= OIB d7l esiixisj LH-S MEIAl?l7IOi! mg*d §E£J 




1 ISIS) IMP 1 W(20)a «^*(2i)ta»(oi i ferlr23)S^s 2 ^^2ir^£ 

^□HbOILF ^ Si,8ev, S*!3!££ 5Hra2 SS(CVD) S§£g § 

=fSCK ^IMdfeSl §j*T£ HH«S(& batch fumace)CHjAi & Ar 9HBjOi «?PIMA| §£T 

&*ffl g*T 20A/iain. LH XI 80A/«iin.OI 0,2 Pa LH XI 12 Pa2J 6eK*¥^Sr^M 3S0^£| *» 

? — ?1? CV °( L P™M 01^ 01 W XI -CI, Oias =aUK)M H(Kobayashfet al.)H| 73 Al T, 

sf.ee. - ss sssoi afi'i sia. 01 &wte°§ soie?*! %Sls*§ 

gsj- Sf^, *ggg ?i§ 2. XH **SS>H *i *f t 2 niEijt 

Jil-g (particulate performance )0| j|SjO| ^ 4= *j-*gisj ^KMI g^si xl S Tiienfeoa'w 

&*l H7l«e LPCVD SiSgaumace) SSSJ S^o, s ^ BBwIs 0.01-30 k°l feH,% 5 

s sto. g*roi 381*^ 01*01*13 116 aaas. g ssmS^ oi =Sm^ 

3E gjshg H^og g ? | 0 p| o| 5lj 7 fSgf r: K QeF.irs CH 3til 7fi SSSE 300-500*C SE S9|0ilAi 
SSlSllS' 01 2g WSS S(Ya»a«oto et al.)0)l 2|t| "Appl. Phys. Lett.", 63(18), 3503 (1993) 

^ll;! 711 I^'JiS, !i §s ssf ao® .^„sia, i*r.s%2t 62o-?8o-coq 




P B)S ESEIOiOt *CK uhgg 7 ^ g 2£J0 , ^p, geH, ^iSM (hydride)^ §°"/h-?H 
£101 M917|0ilAi AsH,, Pa, ^2 B.4t^s ESE omm $ o,q, ^ih^ ^ A |^|g 

Ai, g-g E§ gg(a layered dpng process)OI DISS 4=E 2J— Gl 01 (IS E^ie -h^ol ila^ 
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t\2\ ymm §E^ c^EleDL #Mtt ^ S0|E(34)5 M=1#ffl7M o a 



^ ? J S(36)D! &S3I0U1 & 
\'-r i^Ei^ >1]MDte 5301 V# 



§-3aS(30')£J a£WDfl£ HISS ^EISGIU Q3S £JE|^£ 

&2J21 S§£5 oi-AIS(in-situ) S§TSD. B 711 SQ^ 

u, ^= hi a-s 7i ai ^?i7 ,r " " " - — - ■■- --- - --- ----- - = 

SMeJ ^JHIOIDl, ^ xl-B^ 




500-550 *C ^HJI 2^X1 Hllg g£|f?E!- sl-H £]Af2J g-gg 



^E SICK 



HE* SSn(30')2h ? J A (36)01 «g£IS, aoiffl^ sSXIOO^S 0ISS TiEUi^ SUte,.. 

gggqiu _5_s_qi pfsaa £g oiya^D. 01 cnyg btikhi °j*h 




\*\0l SOIELH^ ^SEICH 310151 



U7W s^^s sj-q. 



#ax»(30')i 



S SEISIN 2£ SlJOIiti Sx-IIM 7^5fe g^g 4E an, ^£ 

SACK *!S S»E|£ Ml 30) XECL <"\A\D\ ai0|*i g ITS 310173" GlgSH b^i 

xilh^j ^moQ'm 7«*km oi^chi 4 aa. n&m 7ram^a aa« aois 



□I HI E 3# S h £oh3, E 3L"HI^ E 22] §ZH^ ^ MS«X| (10)71- M0IE7I- SJHoffl 
*S« MS] 7H^°] EraE7JEA|EIO| SICK ~ ~ 



TH^g! BEE7I- EAIEID1 SACK ftEW (30'fe B?iixl(10)M Dil^~eil& 
HDL S0IEU 2B S £Mtm SfeD. fign(30')& SOfE(34)« Dil^7| eIji^i^ 




a 71 (etch back) s -r ^m-. 



-SOI ss-eie^, HEIH ^El^ a #HF tJ-^ 



4^ ^iHafelJ g?) LHXi ^ 33% AhOIOIQ. Djyij 01 «S2J Sif 0^L? ^ ©SSMQ °F 

S a K^(a breach)^ sEH&Q. SSS I 1M EAli sl§ SE ^ 3 

MD ^ ^ ^E^ ^t^^ICK SIIOIiHOll CH?j- %m^\ S«a Af-OIMOil [Q-EK ^?llxl LH^HJ XH^?F 





Si £U r 


' ^ ^E CO 


100 % 


0 % 


938.4 


90 % 


10 % 


967 


80 %. 


20 % 


998 | 


70 % 


30 % 


1027 


60 % 


40 % 


1063 


50 % 


50 % 


1104 


40 % 


60 % 


1170 


33 % 


67 % 


1200 



^ssFDi, oiatrasefs 01^^ ^ E|g ^ ^ HA| gfl§ j£^ 



CMP E^ RIE^ S^J^I gBH^ S§ 7IS^ 



01^011 gl'S^XHSM HITIufeai 01 



01X11 E 4M g-^oFS, E 4CHI^ 7|^(12)0il gS^ M^xKlO') ^EH^ ^mt~ EQi e^i^oj a- 
A1D1IM EAISJ-Q. M^X|(10*)^ HUE #(22) CHI PH^^(14)2K 4^¥(16)£K ^Eh #(23)M ^ 

£Efl, DISS E^ E 1 CHI EAIS SEH^J M^lxK10)Sh SABFQ. ZIE1LL gagf E ^x|(10')^ 

shag #E^(i6)*am3¥(i8-)2i ^i(ai-)^ z^oi □ aoi, b^(2r)E □ uq7 

kE ^2H(24')E ^«(20')2J S^lf ^xl^l-E^ E|Oi aQ. OlEiti" MS!x|2j 33^°^ ^ 

^! ESSflSI g^SCF □ ^§ EI^Qil. 005 BS, S3^(16)2| ^^.OIU g$j 5 

5-i^L 0, ^"f|[2 s^i 5!„**?" «s ^b^i me¥ci3-)(Hi im ^7e s&s oiig 

01 a E 5g E 5^ #SM(30 , )2h a S(36')2J gsj- Ol^Oil EDS ^AIOHS! E 
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ECH5 4'AICHKHIAi 5 6CHI EAIS 3MB, JJ SDfeOILi Si,6e, . thg2| g© 5! eh 3 lh 

si.,s ei , ©Hi gg 3! seiAi?i£ otye bW Sola ! o r #fe 5J3 S|Si 

2i4o^^i^°3 3 =S s i;i7 ^i^Sg, Sag 41 A| Oil MAI, TAMOfe »SS0| S 
c ■ oTrf - n f TTi^h ^.^ViiFi ^-¥i a -S. ^'.U'™ 1 thermal-stress reduction layer)0| * 

i ^ ; f^mmw^s^wifw^s^m^^ was i 



%?*U; tl ^fB4? r T™ ^ **£# S jt£&«Ii!f hieh-aspect-ratio trench)5Ai 

us as* sail ?ta»s« am as i^Tlawtel'^hilfsi?^^ loll 11 
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g^g» 2- Ail 1 %m SIOlAi. 

#71 £+» »A| #71 S'Sf BTfl ©2|- #71 g«E| EP| © AfOIOfl #71 «£!s2J Sl#¥#0)| g 

SSHIS ?>= MSSxIUitHI MS!*! ?H fiH AIE1H EES 

g^?tr 3. 7HI 2 «(0| SJ0U1, 

#71 S SOI bllS ^EIE2|- Dig i>'E|=££ ^gg □MOflAI £j E -»£! fflgg OI?CH7a = 
£2 SgbIS ?>S E2iix|LH0il E3!xl 5Hfl«A|EIM EEfe gfa. 

g^ 4. A 2 *KH 24CHAL 

#71 s*!«g As, PS B£ q?#g HlOflAt a)«!=! 5515 Eim= 37tS □ iifsfe 
S2UI3 ?>Sr MgixlLHtHI MBS 3H1AIE11 SEfe »B. 

STO 5. Till 3 SKHI SICHAJ, 

#71 MS! xl #71 S*T Bfll ®M *«»K7| 3 (HI kE EI^SIS E+7)|g Q 

SE'blS 2fe M&HLHOI ega JHSHAIEIg EES SS. 

g^tJ 6. HI 1 «!0I SICHAI. 

#71 #£1- 8WI 971171 2S(vacuum)§HHlA1 ^71 BX|E| EPO ©S 43tt°£JN OI^CHXIS 
£S S8UIS ?>S MgiiklLH Oil MS3!x| ?M0A|E1ft 5J£fe 

g^tf V. All 1 *HHI 2101 Al. 

#71 tm #AI 971171 H|&g 71*11 MSI7I0IIAI #71 gxiEl &74I ®m 4*«W®S*| OI^OiAl^ 
§SUIS ?>= M&>*ILH(M MS! XI 7H1AIE1M EES 

g^?*r 8. aii i %m sichai, 

#71 gxlEI 3711 ©7h 7^ #EH (under pressure)OJAi £*5EIS 
£S SSUIM MSxILHCHI MS!x| ?||IIA|E1ft EES »S. 

g^tf 9. All 1 5HHI SiCHAH, 

#71 M&ixl7h 61-71 SI-S^Sl CH*f sj^lOl #71 #5.^2) EH** SBJSSQ- EH SOI OREICH 2101 ga 

BEK* bottle-shaped cross-sect ioh)g ?>S 

ggUlM 5TS MaxlLHCHI Mi!!x| 5HMAIE1S EES »E. 
g^lf 10. 1 1 %m 21CHAL 

is is ii B WiS, D f a iw^,^ii saa^-""' s,s)S 0ISS ' " 9 

£S gUdIM ?>S MeSxILHOll M3!XI ?HDHA|E1g EES SB. 
g^S 11. HI I0 5HH SICHAI, 

#7i 7\mam smm BeH, om, #7i a* sewn , ash,, ph, a wts urn 

MAI fl^ajSWS OgO^EHS #71 Bfcgg 7r^7r SAIOI S = EI ^71 #2 

SSHIS ^ e&ixlLHCHI MSSxl 7H HH A| El M Eh— = 
g^tJ- 12. a 9 4JM SICHAJ, 

#71 7flSDfe 7^^ 6eH,OII3, #71 g=f 3711 S2HJH, AsH>, PH, SI 31 
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lol Sll/IIis 01 " 013 ESM - 7f ~ £F °-' 7[ - 74 i2CH£ -- E - - ~ 71 * 3 

S^iE,^!^ hish-aspect-r.it io tmnch)3A| 

I Sii s n3aS Mr°^M SB^ISa* 013 - 1 - AI?IJ3 - ^ 4131111 As - p a J 

l^lS^fsf'^ 011 ' HIBS * ,5,S * C ™ 8 tf5|a2S ^ ^«»" * ^ «^ B if 

^EHCnder pressure) SS SEH(ln vacuu»)0fl A1 ^| g 3 g ^SS V/eisfe Efflli 
§SUIP gfe MBSUIOII MSIxl ?HHHA|E11 EEir »a. 

fir «i-5ii™l ^rili^rf'^irai 

15. m UiUHI S1CHAI, 
SW 16. MS! SI 5H JlHAI E1 (HI 210) AJ, 

® Mn 1 ^ CH * F * H,Sa Sh&¥2K ™K»< SSUIfl a 

5HIHAIE1. 



STO 17. XII \6%m °MH, 



leifl ?H1A|E1. 
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18. M \8%m SiCH Ai , 



reduction layer) -01 1 §^ 
= 1 £tlt»-s □ 




(a thermal -stress- 



SBM 3HSBAIE1. 

19. a 16*HHI 2101 A1, 

#71 #2XHHJ sMjitHL HaH #71 ^w^Hj^oj Ah^on sh##-OI SMS m^g aj B j 

□ 5«*m, #7i ssssi #^chi= a awe 

§Bfl 5HIHAIE1. 

S^S 20. M 18*011 2JCHAL 

#71 &s#0| ^OiS 100 A 21 <=U|ff 3H*t #2,1 

M2!aI ?HEHA|Ei. 

S^S 21. SI 18 4MHI SJOiAL 

MSB a ?H AH Al E1 . 

22. a 19SMHI 2UHAI, 
gf~*2|. g*fe§o, Ami Oil 1 3§1 lhfc#-0| 1 Hllg fe'EISa-DBS £E| 

nMoiiAi a bis nss ^tm-m □ 

XI ?HMA|E1. 



23. X1I 19 SlfflAI, 



24. HI 22*HH SICHAI, 
1 IteftOI 100 LH XI 600A MOW ^JJflS 
ES!x| ?H EKAIEi. 
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